Chondrosarcomas are malignant cartilage-forming tumors that represent the second most common malignant solid tumor of bone. These biologically poorly understood neoplasms vary considerably in clinical presentation and biologic behavior. Chemotherapy and radiation therapy are generally ineffective. Here we describe the establishment and characterization of a new human chondrosarcoma cell line named ch-2879, and we compare the cell line with its tumor of origin. The cell line was established from a recurrent grade 3 chondrosarcoma of the chest wall and characterized by growth kinetics and morphologic studies. Immunocytochemistry and RT-PCR were performed to examine the expression of cartilage-specific phenotypes. Genetic characterization was performed using cytogenetics, fluorescence in situ hybridization, flow cytometry, and molecular techniques for analysis of the genes implicated in cell cycle control, amplification of MDM2, CDK4, and Cyclin D1, and mutations in the p53 gene. ch-2879 cells were subcultured for more than 80 passages. They expressed vimentin, HNK-1, HBA-71, Ki-67, cyclin D1, Fli-1, S-100, p21, p27, and p53 and were negative for cytokeratin, EMA, p14, p16, MDM2, Rb, and c-erb-b2 antigens. Cytogenetically the recurrent tumor showed a hyperhaploid karyotype with clonal numerical and structural abnormalities. The sole structural abnormality was a chromosome derivative of a t(1;21) translocation. The cell line at passage 3 showed two populations: the hyperhaploid and an exactly duplicated, hypotriploid population. After the 18th passage, only the hypotriploid population was present. The cells expressed collagen 2. Molecular comparison of the primary and recurrent tumor evidenced an in vivo molecular change consisting of a deletion of 9p21 genes in the recurrence, probably caused by a selection process. Because of its gene expression profile, including expression of genes implicated in chondrogenesis in uncoated plastic dishes, this cell line may prove useful for cellular and molecular studies as well as studies of chondrosarcoma characterization and treatment. (Lab Invest 2003, 83:877-887).
C hondrosarcomas (CS) are relatively rare, malignant cartilage-forming tumors, generally presenting between 35 and 60 years of age (Dorfman and Czerniak, 1995) . CS is the second most frequent primary malignant bone tumor after osteosarcoma and represents approximately 11% of all of these tumors (Aigner, 2002; Aigner et al, 2002) . Histologically they are classified into three grades that correlate with prognosis (Evans et al, 1977) . In patients with grades 2 and 3 tumors, local recurrence, increasing tumor size, DNA ploidy abnormality, and dedifferentiation have been associated with lower survival rates (Lee et al, 1999) . In addition to cytomorphologic criteria, expression pattern analysis of matrix genes, in particular of the collagen types, plays a leading role in the classification and diagnosis of CS (Aigner, 2002) . These biologically poorly understood malignant neoplasms vary considerably in clinical presentation and biologic behavior (Johnson et al, 1986; Martin et al, 2002) . Conventional treatments for malignancy, such as current chemotherapy drugs and radiation therapy, are generally ineffective in the treatment of CS (Johnson et al, 1986; Lee et al, 1999) .
The cytogenetic data on CS are heterogeneous, with chromosome numbers ranging from hyperhaploidy to near pentaploidy (Bridge et al, 1993; Johnson et al, 1986; Mandahl et al, 2002; Mitelman et al, 2002) . The karyotypic complexity also varies widely, with some tumors showing a single numerical or structural chromosome aberration and others with grossly rearranged karyotypes. Gains and losses of chromosomes or segments of chromosomes are the most frequent anomalies. Specific chromosomal rearrangements have been identified only in extraskeletal myxoid CS that are characterized by t(9;22)(q22;q12) (Hirabayashi et al, 1995; Turc-Carel et al, 1988) or more rarely t(9;17)(q22;q11) and t(9;15)(q22;q21), resulting in the formation of the fusion genes EWS/CHN, RBP56/ CHN, and TCF/CHN, respectively (Labelle et al, 1995; Stenman et al, 1995) . DNA flow cytometry has demonstrated a wide variation in the ploidy status in CS, with a relatively frequent presentation of near haploidy (Bovee et al, 1999 (Bovee et al, , 2000 Mandahl et al, 2002) . Molecular alterations of the regulatory genes implicated in cell cycle control play an important role in human tumorigenesis. Mutations of the p53 tumor suppressor gene are the most common genetic alteration in human tumors, followed by the genetic alterations of the 9p21 locus that have been demonstrated in a wide variety of neoplasms (López-Guerrero et al, 2001) . p14 ARF protein is a potent regulator of the cell cycle, acting upstream in the p53 pathway by binding to MDM2 and preventing p53 degradation, thus permitting p53-induced apoptosis or growth arrest (Lundberg and Weinberg, 1999; Sharpless and DePinho, 1999) . p16 INK4A and p15 INK4B are important regulators that inhibit the action of the cyclin-dependent kinases (CDK) 4 and 6 in the G1 phase of the cell cycle. CDK4 and CDK6, in turn, bind to D-type cyclins forming active complexes that phosphorylate pRb (Sharpless and DePinho, 1999) . Numerous investigations have shown alterations of the p53 gene in CS, although no clinical relevance was observed (Aigner, 2002) . On the contrary, only a few reports have analyzed alterations in the 9p21 locus genes. These studies showed that hypermethylation of the p16 INK4A gene is found predominantly in high-grade CS (Asp et al, 2000 (Asp et al, , 2001b .
Establishment of a cell line from CS is unusual. Few permanent cell lines of human CS carrying cartilage phenotypes have been reported (Chano et al, 1998; Chansky et al, 1998; Kunisada et al, 1998; Takigawa et al, 1989 Takigawa et al, , 1991 . We report the establishment of a new human cell line, named ch-2879, from a CS of the chest wall and its characterization by cytogenetic and molecular studies, flow cytometry, immunocytochemistry, and light and electron microscopy.
Results

Morphologic Studies
Grossly, the primary tumor showed marked destruction of the affected rib, breaking through the cortex and forming a soft tissue mass in the chest wall, measuring 8.5 cm at its largest dimension. The neoplasm disclosed a polylobulated appearance, with wide areas of necrosis and cystic change, filled with a mucoid material. Microscopically, the neoplasm showed a great number of small, polygonal cells, interspersed in a myxoid matrix (Fig. 1A) . The cells were vaguely arranged in chords and nests, with a pale eosinophilic cytoplasm and a round, hyperchromatic nucleus. Focally, especially in the areas permeating the trabeculae of the bone, the tumor disclosed a chondroid appearance with a dense, eosinophilic matrix and large atypical chondrocytes. The tumor was diagnosed as conventional CS grade 3. The recurrent tumor was composed of a more dense population of small cells, arranged in chords and sheets separated by a myxoid material (Fig. 1B) . The mitotic activity was increased (26 mitoses/10 highpower field).
Electron Microscopy
Ultrastructurally, the tumor showed an abundant intercellular matrix. The cells were isolated or arranged in small groups (Fig. 2, A and B) . A pseudobasal lamina was found focally, partially surrounding some cells. The tumoral cells had round or slightly irregular nuclei with peripheral dense chromatin and small nucleoli. The cytoplasm contained abundant rough endoplasmic reticulum, arrays of parallel microtubules, and occasionally bundles of filaments.
The ch-2879 cells showed a smooth surface and polygonal or spindle contour. They appeared closely packed to one another, forming clusters without specific cell-to-cell attachments or rudimentary tight junctions. The cells had round or oval nuclei with fine, dispersed chromatin and one or two prominent nucleoli and a scarce cytoplasm poor in organelles (Fig. 2C ). Glycogen and intermediate filaments were seen, as well as numerous small lipid droplets.
Establishment of Cell Line and Phase-Contrast Morphology
The first passage of the cell line took 19 days. The cells were passaged routinely in vitro for more than 80 generations. The cells had a slightly elongated polygonal shape and grew in monolayer-forming clusters (Fig. 3, A and B) . The cells showed a saturation density of 34.1 ϫ 10 4 and a plating efficiency of 85%. The mitotic index was 5.3%. Finally, after single-cell cloning, three cell lines showing similar phenotypes were analyzed: ch-2879-A8, ch-2879-B7, and ch-2879-C1 (Fig. 3C ).
Immunohistochemical Characterization
Results of the immunohistochemical studies on the primary tumor, the recurrence, the cell line, and the ch-2879-A8 cloned cells are shown in Table 1 and Figure 1 . ch-2879 cells were also positive for cyclin D1 and Fli-1 and focally for p21 and p27. The cells were negative for p14, p16, MDM2, Rb, and c-erb-b2.
Cytogenetic Studies
Primary Tumor. Twenty metaphases were counted. The mode was in the hyperhaploid range, with 32 chromosomes. The karyotype was 32,X,ϩ2,ϩ5,ϩ7,ϩ15, ϩ16,ϩ19,ϩ20,der(21)(:1q1231q44::21p13321qter), ϩ22.
Recurrence. Fifty metaphases were counted, having a range of between 30 and 64 chromosomes. Two populations were found, one in the hyperhaploid range with a modal number of 32 (47 cells) and another in the hypotriploid range with a mode of 64 (3 cells). The karyotypes were as follows: main population: 32,X,ϩ2,ϩ5,ϩ7,ϩ15,ϩ16,ϩ19,ϩ20,der(21)(:1q123 1q44::21p133 21qter),ϩ22 (Fig. 4A ); hypotriploid population: 64,XX,Ϫ1,ϩ2,-3,-4,ϩ5,-6,ϩ7,Ϫ8,Ϫ9,Ϫ10, Ϫ11,Ϫ12,Ϫ13,Ϫ14,ϩ15,ϩ16,Ϫ17,Ϫ18, der(21)(:1q123 1q44::21p13321qter),ϩder(21)(:1q1231q44::21p133 21qter),ϩ22. C-banding showed a positively stained region in chromosome 1q translocated with chromosome 21 (Fig. 4B) .
ch-2879 Cell Line at Passage 3. Twenty-five metaphases was counted. The two populations seen in the recurrence were present: one hyperhaploid (80% of the cells) and other hypotriploid (20%). The karyotypes were the same as that of the recurrence.
ch-2879 at Passages 18 and 25. Twenty-five metaphases were counted in each passage; only the hypotriploid karyotype was present. The karyotype of the each clone-ch-2879-A8, ch-2879-B7, and ch-2879-C1-was the same as that in the parental cell line. Xenografted Primary Tumor at Passage 1. The 25 cells counted were in the hypotriploid range. The mode was 64. The karyotype was 64,XX,Ϫ1,ϩ2, -3,Ϫ4,ϩ5,Ϫ6,ϩ7,Ϫ8,Ϫ9,Ϫ10,Ϫ11,Ϫ12,Ϫ13,Ϫ14,ϩ15, ϩ16,Ϫ17,Ϫ18,der(21)(:1q1231q44::21p11321qter), ϩder(21)(:1q1231q44::21p11321qter),ϩ22. Some cells showed nonclonal abnormalities. Acentric fragments and breaks were seen.
Xenografted Tumor from Inoculated ch-2879 Cells.
Twenty-five metaphases were counted. The mode was 64. The karyotype was the same as that of the cell line.
Fluorescence In Situ Hybridization
The whole paint probes of chromosomes 1 and 21 confirmed the der(21)t(1;21): ish der(21)t(1;21) (wcp1ϩ;wcp21ϩ) seen in the cytogenetic study (Fig. 1S ).
Flow Cytometry
A DNA index of 0.64 corresponding to a hypodiploid population was obtained from the primary and recurrent tumor using human lymphocytes as ploidy control. The xenografted tumors obtained from the primary tumor showed two populations with different DNA indexes of 1.52 and 1.66. ch-2879 cells at passage 18 had a DNA index of 1.38. The ch-2879-A8 cells showed a DNA index of 1.39. The tumor obtained from nude mice by inoculation of ch-2879 cells showed a peak corresponding to a 1.29 DNA index. (Fig. 5 ).
Molecular Biology Studies
Analysis of RNA by RT-PCR did not reveal an EWS-CHN or TAF2-CHN product in any of the samples analyzed. Expression of the COL2A gene was detected in the primary and recurrent tumors, the ch-2879 cell line, and the xenografted tumors derived from the primary tumor (Fig. 6A ). The analysis of the G1/S checkpoint elements revealed a homozygous deletion of the 9p21 locus genes ( 
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Heterologous Transplantation to Nude Mice
In nude mice inoculated with fragments of primary tumor, solid tumor masses were observed at 30 days. During 36 months, nine passages were made. Morphologically, the tumors showed a more chondroid differentiation (Fig. 1C) . Ultrastructurally, immature mesenchymal-chondroid cells were seen vaguely packed in a stroma with flocculent material. The cells had cytoplasm with isolated vacuoles, lipid droplets, glycogen, and intermediate filaments. The nucleus was large, with a round or invaginated contour and fine chromatin (Fig. 2D) . Occasionally there were membrane attachments with poorly differentiated desmosomes and deposits of amorphous dense material associated with collagen bands. The injection of ch-2879 cells into congenitally athymic mice induced a visible solid tumor at the site of inoculation after 12 days, which gradually enlarged. The tumor presented microscopically and ultrastruc- A, Hyperhaploid karyotype of recurrence: 32,X,ϩ2,ϩ5,ϩ7,ϩ15,ϩ16,ϩ19, ϩ20,der(21)(:1q1231q44::21p13321qter),ϩ22. Arrow points to the only structural anomaly. B, C-banded metaphase. Arrow points to der (21) showing heterochromatin of chromosome 1q strongly stained. turally as conventional CS, although it was more dedifferentiated. The cells retained their proliferative activity. There were intratumoral blood vessels and some necrotic areas (Fig. 1D) .
Mycoplasma Detection
ch-2879 cultured cells at passages 20 and 40 stained with Hoechst 33342 did not show mycoplasma contamination.
Discussion
CS represents the second most frequent primary malignancy of the skeleton. Grading of CS has proven prognostic value (Evans et al, 1977) . The present case was a grade 3, considering its high cellularity and the predominance of the myxoid matrix, with only sparse foci of chondroid appearance. The rapid local recurrence and distant metastases seem to be in accordance with those reported for high-grade tumors (Bjornsson et al, 1998; McAfee et al, 1985) .
The biology of chondrogenic neoplasms is still, to a large extent, unstudied and unclear. Malignant transformation and progression of cartilage tumors seems to be associated with an increasing incidence of clonal chromosome aberrations, reflecting the multistep process of tumor development, involving activation of oncogenes, loss of tumor suppressor genes, and secondary or tertiary genetic alterations. In the present case, the cytogenetic studies showed that the primary tumor as well as the recurrence had a hyperhaploid karyotype with clonal numerical abnormalities and a sole structural anomaly. Only chromosomes 1q, 2, 5, 7, 15, 16, 19, 20, 21 , and 22 were disomic. The rearrangement affected chromosomes 1 and 21, leading to the loss of the 1p segment. Most of chromosome 1 rearrangements observed in other tumor types such as in leiomyosarcomas, colorectal adenocarcinomas, and breast carcinomas, result in the loss of terminal 1p segments (Mitelman et al, 2002) . Although abnormalities of chromosome 1 have been considered as a secondary cytogenetic event in CS (Gunawan et al, 2000) , we must take into account that the rearranged chromosome observed in the present case also affects chromosome 21 in a similar manner to that previously reported in two mesenchymal CS (Naumann et al, 2002) , in which a rearranged chromosome der(13;21) was common in both cases. In addition, seven cases have been reported in which the short arm of chromosome 21 was rearranged (Mitelman et al, 2002) . It is not clear what kind of molecular impact this rearrangement, which affects the centromeric region of chromosome 21, could imply. Furthermore, the primary tumor lost the entire chromosome 13. Loss of chromosome 13 has been associated with metastatic capacity in CS, probably as a result of genes associated with metastatic capacity located on chromosome 13 (Mandahl et al, 2002) . It has also been suggested that loss of 13q is a worse prognostic factor (Mandahl et al, 2002) , which exerts an influence regardless of tumor size or histopathologic malignancy grade. This parameter could be important in identifying patients who require intensified treatment.
A continuous cell line was obtained from the recurrent tumor. This cell line showed a chromosome number of 64 at passages 18 and 25, indicating that the hypotriploid population was established in culture, originating from the hyperhaploid clone, through endomitosis or endoreduplication. As a consequence of this duplication, monosomic chromosomes in the hyperhaploid population would be underrepresented, and disomic chromosomes would be overrepresented, in relation to the triploid level. This fact suggests that polyploidization, common in CS, is an evolutionary pathway and has been associated with further progression toward high-grade CS (Bovee et al, 2000) . In the present case, polyploidization, occurring in the first passage of the xenotransplanted tumor and early in the cell line, would represent, by the acquisition of two copies of the monosomic chromosomes, a selective advantage for those cells that have undergone extensive loss of heterozygosity. A comparison of cytogenetic and flow cytometry data showed a good correspondence between the two methods. Flow cytometric measurement of ploidy also shows the disappearance of the hyperhaploid population and the remnant of a unique hypotriploid population. 
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Because suppression of one or more cell cycle control systems is a common finding in human malignancies, we studied p21, Rb, and p53 genes. Studies of the p14 ARF and p16 INK4A gene have been reported previously (Asp et al, 2000 (Asp et al, , 2001a (Asp et al, , 2001b . Alterations in the p16 INK4A have been found in 6 of 22 human CS tissues, which were all grade 2 and 3 tumors; the majority of the alterations were increases in methylation rather than homozygous deletions of the gene. Alterations of p14 ARF have not previously been described in CS. It has been suggested that loss of p16 INK4A expression could be a key event in the malignant transformation of human CS cells (Asp et al, 2001b) . Our results in the present study differ from this, because the deletion of the p16 gene did not occur in the initial process of malignant transformation (we did not detect the loss of p16 in the primary tumor) but in the tumoral progression. We suggest that inactivation of the 9p21 gene function could contribute to the high proliferative capacity shown not only by malignant cells in vivo but also in vitro by the cell line.
Type II collagen mRNA is expressed in the highgrade conventional CS Soderstrom et al, 2002) as an alternative splice variant of collagen type II, the collagen 2A characteristic of chondroprogenitor cells (Aigner, 2002; Oganesian et al, 1997) . Generally, chondrocytes in culture do not maintain the synthesis of type II collagen (Elima and Vuorio, 1989) , and few permanent cell lines of human CS expressing collagen type II have been reported (Chano et al, 1998; Chansky et al, 1998; Kunisada et al, 1998; Takigawa et al, 1989 Takigawa et al, , 1991 . We found that ch-2879 transcribes a cartilage-specific gene such as type 2A collagen. In addition, these cells synthesize S-100 protein, which has been detected in chondrocytes (Weiss and Dorfman, 1986 ). Therefore, ch-2879 cells show a phenotype of well-differentiated hypertrophic chondrocytes.
In conclusion, the genetic instability of CS was demonstrated by the high percentage of monosomies and the variation of the ploidy status. In both cases polyploidization occurred early in the xenotransplants obtained from the primary tumor and the cell line established from the recurrence. Also, deletion of the 9p21 locus that occurs in the progression of the tumor in vivo, could be an important factor that contributes to therapy resistance and unfavorable outcome. Moreover, from these results it can be concluded that either a small fraction of tumor cells present at any single point in time could ultimately determine the clinical outcome or that malignancy is acquired as the tumor grows. Our results suggest that cell populations from cartilage neoplasms are unstable and that aggressive cells can rapidly emerge from populations that seem relatively indolent.
The newly established continuous cell line with its distinct growth characteristics and tumor phenotypes in vitro and in vivo could contribute to the knowledge of biology of CS. Because ch-2879 cells possess these characteristics, they could be useful not only in studies of the differentiated phenotypes of human chondrocytes but also in basic studies on the diagnosis, treatment, and etiology of human CSs.
Materials and Methods
Case Report and Pathologic Diagnosis
A 35-year-old woman was referred to our hospital in January 2000 for a protruding mass growing in the chest wall. Computerized axial tomography showed a 7.5 ϫ 6.2-cm mass. There was no evidence of metastatic disease. Biopsy revealed a grade 3 CS. The tumor was resected. Serum electrolytes and complete blood count were normal. The tumor recurred at 7 months and was resected. Further chemotherapy and radiotherapy failed to prevent a second relapse and the tumor metastasized.
Cell Culture and Establishment of Cell Line
Tumor tissue samples from the primary and relapsed tumors were dissected under aseptic conditions and immediately immersed in sterile RPMI 1640 medium (Gibco BRL, Grand Island, New York) supplemented with 2% antibiotics and 0.05 mg/ml of gentamicin sulfate. Samples of the tumors were rinsed gently twice in PBS (Gibco BRL) with 2% antibiotics and minced; the fragments were disaggregated using 0.02% collagenase type II (Sigma, St. Louis, Missouri) in RPMI 1640 medium supplemented with 10% fetal bovine serum (Gibco BRL), 1% L-glutamine, 200 mM (Gibco BRL), penicillin (50 U/ml), and streptomycin sulfate (50 g/ml) (Gibco BRL) and incubated at 37°C for 20 minutes. The cells were seeded into 25-cm 2 tissue culture flasks (Nunc, Roskide, Denmark) containing 5 ml of complete medium. The cultures were maintained in a humidified atmosphere at 5% CO 2 in air at 37°C. The medium was replaced twice per week. A confluent cell layer was obtained at Day 21 of the primary culture of the original tumor and at Day 19 of the seeding of the recurrence. Subcultures were then made with 0.25% trypsin-1 mM EDTA (Gibco BRL). Cells were stored under liquid N 2 in culture medium containing 5% dimethylsulfoxide (Sigma).
Growth Kinetics
Normal growth kinetics were determined by trypsinizing the cultures in triplicate and resuspending the cells in medium. The viable cells were counted in a hemocytometer by dye exclusion with 0.1% trypan blue in PBS every 24 hours for 4 days. Doubling time of the cell population was estimated in a logarithmic growth phase.
Cell Density and Plating Efficiency
Using cells from 30th passage, 10 5 cells were seeded in a 25-cm 2 tissue culture flask. The formation of a confluent cell layer was confirmed as taking approximately 2 weeks. The cells were isolated by trypsinization, and the number of cells was counted, from which the cell density and saturation density were calcu- lated. Cells (5 ϫ 10 2 ) were seeded in a 80-cm 2 culture flask and cultured for 15 days. The medium was aspirated and the cells were rinsed with PBS, fixed in 95% ethanol, and stained with hematoxylin. The number of colonies in the culture flask was counted microscopically, and from this the plating efficiency was determined.
Establishment of ch-2879 Clones
A single-cell cloning by the limiting dilution method was performed using cells in the 18th passage as previously described (Gil-Benso et al, 2001) . Briefly, cells were harvested from confluent monolayer cultures using trypsin-EDTA, resuspended in complete medium, and diluted to a density of 50 cells/ml. Twenty microliters of the cell suspension was plated separately in each well of 96-well plate polystyrene (Nunc). The formed colonies were subsequently trypsinized and seeded in 35-mm dishes (Nunc); the resulting clonal populations were expanded for morphologic and genetic studies. Three clones named A8, B7, and C1 were analyzed.
Morphologic Studies
The surgical samples were fixed in 10% formaldehyde, paraffin embedded, and stained with hematoxylin and eosin (HE). The cultured cells were observed daily using a phase contrast microscope (Nikon Company, Tokyo, Japan); photographs were taken using a ϫ10 and ϫ20 objective on Kodak technical Pan film. For light microscopy observation, cells grown on Lab-Tek chamber slides (Miles Laboratories, Naperville, Illinois) were washed with PBS and fixed with cold acetone for 5 minutes.
Immunohistochemical Characterization
Immunohistochemistry by the indirect peroxidase method was performed on fresh-frozen tissue and paraffin sections from the original tumor, the relapsed tumor, and the xenografts. Antigen retrieval was performed with heat-induced epitope retrieval with autoclave at 1.5 atmospheres for 3 minutes in citrate buffer solution. Negative controls were applied by substitution of the primary antibody with PBS alone. The antibodies, their source of origin, and the dilutions used are shown in Table 1 . ch-2879 cells were grown in chamber slides, growth medium was removed, and cells were rinsed with PBS, fixed in cold methanolacetone for 5 minutes, and air dried for 20 minutes. The cells reacted with each of the primary antibodies for 1 hour at room temperature. The attached antibodies were visualized by an avidin-biotin-peroxidase procedure (LSAB DAKO). The mAbs applied were, in addition to those included in Table 1 , as follows: cell cycle proteins p14, dilution 1:100 (Neomarkers); p16, dilution 1:500 (Santa Cruz Biotechnology, Santa Cruz, California); p21, dilution 1:50 (Santa Cruz); p27, dilution 1:50 (Dako); Cyclin D1, dilution 1:20 (Novocastra); tumor suppressor Rb, dilution 1:200 (Neomarkers); c-erb-b2, dilution 1:50 (Novocastra); MDM2, dilution 1:50 (Novocastra); and the transcription regulator Fli-1, dilution 1:100 (Santa Cruz).
Electron Microscopy
Tissues for electron microscopy were fixed in glutaraldehyde for 2 hours, washed three times, and stored overnight in 0.1 M cacodylate buffer (pH 7.4). Tissue was postfixed in 2% sodium-cacodylate buffered osmium tetroxide solution for 1.5 hours and embedded in Eponate 12 (Ted Pella, Redding, Louisiana) . For ultrastructural studies, cultured cells from passage 18 were washed twice with PBS (pH 7.4), fixed in situ with 3% glutaraldehyde in 0.1 cacodylate buffer (pH 7.4) for 60 minutes at room temperature, washed three times with cacodylate buffer, and stored overnight in the same buffer; cells were then scraped from the culture flasks. Cellular material was pelleted by centrifugation at 3000 ϫg for 15 minutes and then postfixed with 2% osmium tetroxide for 2 hours in ice. After dehydration with increasing concentrations of ethanol, fixed tumoral tissues and fixed cells cultures were embedded in propylene oxide Eponate and then cutting into 1-m-thick sections. Sections were stained with toluidine blue to select, by light microscopy, representative fields of the tumor and cultures. Ultrathin sections were made with an ultramicrotome Reichert ultracut E (Leica, Inc., Deinfield, Illinois), stained with lead citrate and uranyl acetate, and observed under an electron microscope (JEOL JEM 1010, Tokyo).
Cytogenetic Studies
Cytogenetic analyses were made from a short-term culture of the primary tumor at 22 days of seeding, from the recurrent tumor at 19 days of seeding, and at passages 3, 18 and 25 of the cell line. Cells were prepared for karyotyping by incubating actively growing cultures with 0.02 g/ml of Colcemid (Gibco BRL) for 75 minutes before harvest. Cells were disaggregated with trypsin-EDTA (Gibco BRL), exposed to a hypotonic treatment of 0.075 M KCl at 37°C for 20 minutes, and then fixed three times with 3:1 methanolglacial acetic acid. Air-dried chromosome spreads were banded by the Giemsa-trypsin method. C-banding stains were performed in recurrence metaphases. At least 25 metaphases were analyzed in each sample, and the karyotype was described according to guidelines of the ISCN (1995).
Fluorescence In Situ Hybridization
Slides for fluorescence in situ hybridization were prepared the day before the assay was performed. Whole chromosome painting probes were applied to the slides, using standard procedures, to confirm the origin of rearranged chromosomes. Counterstaining of metaphases was performed with 4',6-diamidine-2-phenylindol-dihydrochloride. The probes used were WCP1 SpectrumGreen and WCP21 SpectrumOrange (Vysis, Downers Grove, Illinois). The fluorescent signal was detected using a Zeiss Axioplan 2 fluorescence microscope and an "in situ" imaging system "Isis" (Carl Zeiss Vision, Oberkochen, Germany).
Heterologous Transplantation
Two fragments of primary tumor, measuring 2-to 3-mm each, were inoculated into the back of 4-to 6-week-old male BALB/c nude mice, maintained in a specific pathogen-free room and observed for tumor development. When the transplanted tumor grew to 3 mm or more in maximal diameter, the mice were killed. Tumors were minced and transplanted again to other nude mice for serial heterotransplantation. Samples of the tumors were processed for histologic, immunohistochemical, electron microscopy, and genetic studies.
Tumorigenicity of the cell line was tested by heterotransplantation in 4-to 6-week-old nude mice. An inoculum of 2 ϫ 10 6 cells suspended in PBS was subcutaneously injected into their right flank.
Flow Cytometry
Exponentially growing cells were harvested using trypsin and EDTA and resuspended in complete medium, washed twice in the same medium, twice in PBS, and filtered through a 30-m nylon mesh to remove clumped cells. Cells were fixed with cold 70% ethanol and stained with propidium iodide (50 g/ml) containing RNase A (1 g/ml) (Sigma). Human peripheral blood lymphocytes were used as control for diploid cells. Lymphocytes were isolated from whole blood using Lymphoprep separation medium (Nycomed Pharma AS, Oslo, Norway). Measurement of at least 10,000 nuclei was made using an Epics Elite cell sorter (Coulter Electronics Inc., Hialeah, Florida) with 15 mW of a 488-nm argon laser. Histogram data were analyzed with Mcycle software (Phoenix, Arizona). The ploidy level was expressed as the DNA index, which was 1.0 of the DNA index of diploid lymphocytes.
Molecular Analyses
Total RNA was extracted from frozen tissues and cultured cells using TRIzol reagent (Life Technologies, Rockville, Maryland) according to the manufacturer's instructions. One microgram was reverse transcribed with Maloney murine leukemia virus reverse transcriptase (Perkin Elmer, Madrid, Spain) using random primers in a final volume of 20 l. The amplification step was performed in a Cetus Perkin Elmer 9600 thermal cycler using primers and cycling conditions previously described for the EWS-CHN, TAF2-CHN fusions (Okamoto et al, 2001 ) and type II collagen transcripts (Nakanishi et al, 2000; Sjogren et al, 1999) . The integrity of the RNA for the RT-PCR was confirmed by amplification of the porphobilinogen deaminase (PBGD) and CDK4 transcripts using the following primer sequences: PBGD forward: 5'-TGTCTGGT-AACGGCAATGCGGCTGCAAC-3'; PBGD reverse: 5'-TCAATGTTGCCACCACACTGTCCGTCT-3'; CDK4 forward: 5'-ACAGGATCCCGGGCTGGCGTG-3'; and CDK4 reverse: 5'-AAGAATTCCCTCTCAGTGTCCA-GAAG-3'. The PCR product was subjected to electrophoresis through 2% ultrapure agarose gel with ethidium bromide in tris-acetic acid-EDTA buffer.
DNA was isolated from frozen tissue samples and cultured cells. High molecular weight DNA was obtained by proteinase K (Life Technologies) digestion and purification using conventional phenol-chloroform protocol. Samples were analyzed for molecular alterations of the G1 to S phase cell cycle transition as previously described (López-Guerrero et al, 2001) . dPCR was used to detect homozygous deletion of the 9p21 locus genes: the presence of homozygous deletion was confirmed by the loss of the PCR product corresponding to p15 INK4B , p16 INK4A , and p14
ARF genes with the presence of ␤-globin amplification. A water control with no DNA was included in each experiment. The methylation status of the 5'CpG island in the promoter region of the p15 INK4B and p16
INK4A genes was determined with the procedure described by Herman et al (1996) after chemical modification of the DNA and amplification with specific primers from the methylated and unmethylated DNA. Gene amplification of the MDM2, CDK4, and Cyclin D1 genes was determined by dPCR using two sets of primers, one corresponding to the target gene and the other to an internal control gene sequencethe dopamine receptor, the B-globin, and the INF␥ genes for MDM2, CDK4, and Cyclin D1 analysis, respectively. Identification of p53 mutations was performed by direct sequencing of exons 5 to 8 of the gene.
Mycoplasma Detection
To discard mycoplasma contamination, the ch-2879 cultured cells were stained with Hoechst 33342 (5 g/ml) (Sigma) for 10 minutes at 37°C and examined with a fluorescence microscope at ϫ1000 under oil immersion.
